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SURFACE EMITTING SEMICONDUCTOR LASER CHIP AND METHOD FOR 

PRODUCING THE CHIP 

5 

Background of the Invention : 
Field of the Invention ; 
The invention relates to a surface emitting semiconductor 
laser chip having a semiconductor body. The semiconductor 
10 body has, at least partly, a crystal structure with principal 
crystal directions, a radiation exit face, and side faces 
laterally delimiting the semiconductor body. The 
semiconductor body is then divided into a plurality of 
semiconductor laser chips along separating lines. 

15 

Surface emitting semiconductor lasers are disclosed in 
Published, Non-Prosecuted German Patent Application DE 100 38 
235 Al, for example. What is characteristic of such lasers is 
an emission direction disposed perpendicular to the chip 
20 surface. The semiconductor lasers are often also referred to 
as vertical cavity surface emitting laser (VCSEL) . They 
differ in this in particular from so-called edge emitting 
lasers, in which the emission is effected through a side face 
of the laser chip. 

25 
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In this case the designations ''surface" and ''side face" are 
associated with the fabrication of such chips in the wafer 
composite, the "surface" corresponding to the wafer surface. 
The side faces, by contrast, are only produced when the wafer 
is divided into individual semiconductor chips. 

In a customary method for producing edge emitting laser chips, 
a wafer is usually broken in order to be divided into 
individual semiconductor chips, the breaking line running 
along a principal crystal direction of the wafer. This gives 
rise to side faces of the semiconductor bodies in the form of 
smooth cleavage faces that are simultaneously mirror facets of 
the respective laser resonators. 

In the case of surface emitt.ing lasers, the formation of such 
cleavage faces as side faces is not necessary on account of 
the different, perpendicular orientation of the resonator or 
emission direction. In order to produce such laser chips, 
therefore, the corresponding wafers can also be divided by 
sawing or etching instead of by breaking. 

It has been ascertained in the case of light -emit ting diode 
chips that a frequent ageing mechanism is based on dislocation 
lines arising in the semiconductor crystal. The dislocation 
lines can propagate during operation and form nonradiative 
recombination centers. Such crystal defects lower the 
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efficiency of the device and may finally lead to failure. In 
the luminescent image of a semiconductor crystal, such crystal 
defects are seen as dark lines, and so they are also referred 
to as dark line defects (DLDs) . 

5 

Summary of the Invention : 

It is accordingly an object of the invention to provide a 
surface emitting semiconductor laser chip and method for 
producing the chip that overcome the above-mentioned 

10 disadvantages of the prior art devices and methods of this 
general type, which has an improved ageing behavior or an 
increased lifetime. In particular, the intention is to reduce 
the production of nonradiative recombination centers or DLDs, 
Furthermore, it is an object of the invention to specify a 

15 corresponding production method. 

The invention provides for the formation of a surface emitting 
semiconductor laser chip having a semiconductor body, which 
has, at least partly, a crystal structure with assigned 

2 0 principal crystal directions, a radiation exit face and side 
faces laterally delimiting the semiconductor body. At least 
one side face is disposed obliquely, i.e. neither parallel nor 
perpendicular, with respect to the principal crystal 
directions. The radiation emission is effected during 

25 operation essentially perpendicular to the radiation exit face 
extending in the lateral direction. 
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Disposing the side faces obliquely with respect to the 
principal crystal directions has the advantage that fewer 
seeds for dislocation lines arise in the crystal structure and 
5 the number of dislocation lines thus decreases. This slows 
down the ageing of the semiconductor chip. 

The semiconductor body preferably has a rectangular or square 
cross section parallel to the radiation exit face. This form 

10 . can easily be fabricated from a wafer by sawing a wafer along 
sawing lines that cross one another orthogonally, it 
advantageously being possible for all the side faces to be 
disposed obliquely with respect to the principal crystal 
directions. In the invention, further preference is attached 

15 to at least one of the side faces being formed perpendicular 
to the radiation exit face. 

The invention is suitable in particular for semiconductor 
materials having a cubic crystal structure, in which case, by 

20 way of example, without restricting the generality, the 
crystal directions [100] and [010] lie parallel to the 
radiation exit face and to the wafer surface, respectively. 
In this case, it is advantageous to dispose the side faces 
such that they form an angle of between 40° and 50°, 

25 preferably 45°, with the principal crystal directions [100] 
and [010] . 
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In an advantageous refinement of the invention, the 
semiconductor body has a substrate in the form of a 
semiconductor crystal, which defines the crystal directions, 
5 for example [100] and [010] . In this case, the laser 

structure is applied as a semiconductor layer sequence on the 
substrate. Such a layer sequence may be grown by an epitaxy 
method, for example. 

10 The semiconductor body is preferably based on the GaAs/AlGaAs 
material system. In addition to the GaAs and AlGaAs, the 
semiconductor body may, of course, also contain other 
compounds such as, for example, AlGalnAs or InGaAs . Other 
II I -V semiconductors or nitride compound semiconductors, for 

15 example the compounds GaP, InGaP, InAsP, GaAlP, InGaAlP, 

GaAsP, InGaAsP and InGaNAs are also suitable in the invention. 

A production method according to the invention provides first 
for a wafer with a plurality of surface emitting semiconductor 

20 laser structures to be produced by a conventional fabrication 
method, the wafer having a crystal structure with principal 
crystal directions. The wafer is subsequently divided into a 
plurality of semiconductor laser chips along predetermined 
separating lines. The separating lines are disposed such that 

25 they run obliquely, that is to say neither parallel nor 
perpendicular, with respect to the principal crystal 
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directions.. The wafer is preferably sawn or divided by an 
etching method. 

Disposing the separating lines obliquely with respect to -the 
5 principal crystal directions advantageously reduces the 

formation of seeds for dislocation lines and, consequently, 
the production of ageing-accelerating dislocation lines or 
DLDs . 

10 Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

Although the invention is illustrated and described herein as 
embodied in a surface emitting semiconductor laser chip and 
15 method for producing the chip, it is nevertheless not intended 
to be limited to the details shown, since various 
modifications and structural changes may be made therein 
without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims . 

20 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
25 accompanying drawings. 
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Brief Description of the Drawings : 

Fig. 1 is a diagrammatic perspective view of a first exemplary 
embodiment of a surface emitting semiconductor laser chip 
according to the invention; 

5 

Fig. 2 is a diagrammatic sectional view, taken along the line 
II- II shown in Fig. 1, of the first exemplary embodiment; and 

Fig. 3 is a diagrammatic plan view of a second exemplary 
10 embodiment of a surface emitting semiconductor laser chip 
according to the invention. 

Description of the Preferred Embodiments : 

In all the figures of the drawing, sub- features and integral 
15 parts that correspond to one another bear the same reference 
symbol in each case. Referring now to the figures of the 
drawing in detail and first, particularly, to Fig. 1 thereof, 
there is shown diagrammatical ly a semiconductor laser chip of 
a VCSEL. The chip contains a substrate 2, to which a stack of 
20 semiconductors layers 3 is applied. The semiconductor layers 
3 form a radiation-generating laser structure of the component 
in this case. The structure is explained in more detail below 
in connection with Fig. 2. 

25 The semiconductor body 1 containing the semiconductor layers 3 
has a radiation exit face 4 and is laterally delimited by a 
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plurality of side faces 5. During operation, laser radiation 
6 is emitted essentially in a direction perpendicular to the 
radiation exit face 4. 

The substrate 2 and the semiconductor layers 3 applied thereto 
have, at least partly, a crystal structure. The crystal 
lattice in a lateral direction is illustrated by the broken 
lines 16 and the associated principal crystal directions 7 are 
illustrated by arrows. 

In the case of layers grown epitaxially, the structure is 
generally prescribed by the substrate. The principal crystal 
directions 7 of the semiconductor layers are thus also defined 
in a lateral direction. What is essential to the invention is 
that the side faces 5 are disposed such that they run 
obliquely with respect to the principal crystal directions 7, 
that is to say neither parallel nor perpendicular to the 
directions. 

It has been ascertained in the context of the fabrication of 
LEDs that such a configuration of the side faces 5 with 
respect to the principal crystal directions 7, in contrast to 
a parallel or perpendicular configuration, advantageously 
reduces the formation of seeds for dislocation lines and an 
accompanying accelerated ageing of the component. Although 
the radiation-emitting region is significantly further away 
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from the sawing track in the case of surface emitting 
semiconductor laser chips than in the case of LEDs, it has 
been found in the case of the invention that in this, too, the 
ageing of the component can advantageously be reduced by the 
5 configuration of the side faces with respect to the principal 
crystal directions. 

Fig. 2 represents a sectional view taken along the line II-II 
through the exemplary embodiment shown in Fig. 1. The 

10 semiconductor layers 3 are disposed on the substrate 2, for 

example a GaAs substrate 2. The layer stack 3 contains mirror 
layers 8, 11, which form the laser resonator and may be 
embodied as Bragg mirrors, for example. Such Bragg mirrors 
may be realized for example in each case as a layer sequence 

15 with alternate layers made of Alo.2Gao.8As and AloigGao.iAs . 

An active layer 9 is disposed between the mirror layers 8, 11. 
The active layer 9 is preferably configured as a quantum well 
structure, for example in the form of a single quantum well 
20 (SQW) structure or a multiple quantum well (MQW) structure. An 
example of a suitable MQW structure is a structure having 
three GaAs quantum wells with an emission wavelength of about 
850 nm. 

25 A layer 10 is formed as a so-called current constriction layer 
which, during operation, guides the pumping current, 
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represented by way of example using current paths 15, toward 
the center of the active layer 9 and thus increases the 
pumping density of the laser. The current constriction layer 
may be formed as an AlAs layer; it is partly laterally 
oxidized. 

In this case, an active radiation-emitting zone 14 arises in 
the center of the active layer 9, in which case, when the 
pumping threshold or the threshold current is exceeded, the 
laser starts to oscillate and emits laser radiation 6 in a 
direction perpendicular to the radiation exit face 4. For 
supplying the pumping current, contact metallizations 12, 13 
are provided on the radiation exit face 4 and the opposite 
surface of the substrate 2. The contact metallization 12 is 
embodied as a ring contact, for example.. The contact 
metallization 12 is preferably embodied as a p-contact, for 
example as a TiPtAu contact, and the contact metallization 13 
as an n-contact, for example as an AuGe contact. 

For the sake of clarity, the contact metallizations 12, 13 are 
not represented in Fig. 1. 

Fig. 3 shows a diagrammatic plan view of a second exemplary 
embodiment of the invention. The semiconductor body 1 
essentially corresponds to the exemplary embodiment 
represented in Fig. 1. A GaAs-based material is used as the 
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semiconductor material. Without restricting the generality, 
the principal crystal directions [100] and [010] are disposed 
parallel to the radiation exit face 4. The semiconductor body 
1 has a square cross section parallel to the radiation exit 
face 4, as shown by the plan view, and is laterally delimited 
by side faces 5. The side faces 5 in each case form an angle 
of 45° with the principal crystal directions [100] and [010] . 

It has been found that the ageing behavior of a corresponding 
component, such as a VCSEL, for example, can be significantly 
improved by a configuration of this type. 
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